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Abstract 
Awareness of climate change and adaptations of building stock play a key role in the UK 
government’s environmental agenda. While some European countries and countries like Japan 
move forward by bringing their sustainability agenda to the public sector, the UK seems to be 
slow in embracing these ideas and long term sustainability in improved products and processes 
for better performance, efficiency and innovative application of renewable technology is yet to 
come. While funding remains a major constraint research show that a number of detrimental 
issues including; organisation, risk, mind sets of the stakeholders, planning constraints, 
reluctance to accept change and the unexploited markets are major contributing factors. Most of 
these barriers can be overcome with research, development and information and knowledge 
transfer techniques. Educating all stakeholders can act as an accelerator for innovation. This 
paper examines innovation in the built environment and how research and education can 
stimulate this process. It explores drivers and barriers for innovation and how research and 
education in construction, design, engineering and project management can enhance this 
process. It presents and discusses lessons learnt from two action research projects in relation to 
innovation. 
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1. Background 
The current UK government believes that climate change is the greatest long-term challenge 
facing the world today [1] and has led the way with innovative policies, such as the Climate 
Change Levy and agreements, Renewable Obligation and Energy Efficiency Commitment. In its 
new climate change programme, the government set itself many targets that are to be achieved 
in each sector. In the timely ‘Climate Change Review’, Stern states that the first essential 
element of climate change policy is carbon pricing, followed by technology policy, which is 
vital to bring forward the range of low-carbon and high-efficiency technologies that will be 
needed to make significant cuts in emissions. Policies to remove the barriers to behavioural 
change are stated as the third critical element. Also, ‘research and development, demonstration 
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and market support policies can all help to drive innovation and motivate a response by the 
private sector’ [2]. 
All stakeholders need to be committed to this process and provide as much flexibility as 
possible to achieve these targets. Many professional expertise and skills are needed. Planners, 
Designers, Surveyors, Architects, Civil, Mechanical and other specialist Engineers and 
consultants, specialist builders, workers, need to collaborate and participate in this process 
establishing a knowledge and skills base from which organisations can benefit and stimulate 
innovative procurement processes in delivering the quality standards that are expected. 
Alongside companies that are already taking action to cut their emissions, and those that are 
developing innovative low-carbon products and services, professional and educational 
institutions need to be aware of the challenges that are facing them in enhancing the knowledge 
and skills. Long-term investments are needed in terms of research, training, continuing 
professional development programmes, incentives, etc. Many new professions and specialities 
are emerging as a response to the increased corporate property and asset management 
programmes. Environmental management and planning is now considered as a new field of 
professional expertise [3]. Energy consultants are in high demand. These aspects raise the 
questions of formal training in higher education, for new type of professionals. 
Innovation in the current context has to incorporate issues of social, environmental and 
economic sustainability, where quality of life issues are given a high priority. Developing a 
culture of innovation in organisations and industry appears to be vital in triggering innovation. 
The main driving forces are the ideas of stakeholders; customers, management, marketing 
personnel and production personnel, as they focus on problem fixing and developing new ideas. 
The lack of proper qualifications, training, access to cutting edge knowledge and technology, 
fear of taking risks, the culture and mind sets of the particular organisation could all be 
contributing factors. For an organisation to be competitive specialist skills, consultancy services 
and professional expertise are needed. The thinking has to move away from the traditional box 
and consider whole life values rather than short term demands, profits and balancing books. 
This new way of thinking can be stimulated by research and development within the 
organisation or externally, exposure to innovative technology and projects, promoting best 
practice and specialist training. While some European countries and countries like Japan move 
forward by bringing their sustainability agenda to the public sector, up until recently the UK 
seems to have been slow in embracing these ideas. A number of reviews of the construction 
industry provided waves of re-structuring and re-inventing, but long-term sustainability in 
improved products and processes for better performance, efficiency and innovative application 
of renewable and low carbon technology serving the built environment is yet to come. While 
funding remains a major constraint there are many other issues that directly or indirectly 
influence this process [4]. 
Research related to the construction industry tend to be multi-disciplinary, long term and 
challenging. In most cases they are disseminated through refereed journals and ‘these may not 
be the most appropriate forms of output either for improving knowledge through academic 
discourse or for dissemination to industry’ [5]. Traditionally universities provided education and 
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skills to students as well as carry out research within particular disciplines. A well defined peer 
review process established quality and clarity and a clear demarcation of public and private was 
established. Private consultants and other organizations provided knowledge to private 
commercial organizations and the government. In the current context, the distinctions between 
public and private boundaries are distorted. Universities are involved in consultancy, and 
industry has become a significant participant in scientific research and training. Thus, education 
& professional institutions and research organisations need to allow for diversity, new ideas, 
disciplines and forms of knowledge. The need and the rise of new fields of study put pressure on 
the education and professional system to be flexible and innovative to respond to new 
opportunities and developments. The intention of this paper is to examine some key issues that 
are important in accelerating innovation in the built environment and how research and 
education can stimulate this process. It briefly looks at the process of innovation, explores 
drivers and barriers for innovation and how research and education in construction, design, 
engineering and project management can enhance this process. The paper summarises lessons 
learnt from two Engineering and Physical Sciences Research Council (EPSRC) funded research 
projects to illustrate factors that promote or hinder innovation. The discussion examines the 
accelerators of innovation in relation to education and research, including the importance of 
educating all stake holders, the role of the professional and research organisations and the 
crucial role played by the correct mode of dissemination of the research. The role played by the 
government in focusing attention on new opportunities for innovation, and an organisations 
capability in absorbing research into practice are also discussed. 
2. The Innovation process  
Innovation process is defined by experts as ‘the successful exploitation of new ideas’ [6] which 
results in ‘enhanced performance and delivers objectively new or improved services to the user’ 
[7]. Recent authors have stated that ‘innovation is not a discreet or entity, but a socially 
mediated process that results from, and contributes to, a range of systemic relationships and 
interdependencies’ and ‘from organizational, managerial and individual practices and decisions’ 
[6]. Their view of innovation is as a socially constructed and not technologically determined 
process, noting by way of introduction that ‘innovation is, and will remain, a socially 
determined and hence unpredictable process’ and concluding that ‘technological change 
requires associated social, organizational and managerial changes’. There is also a consensus 
that innovation is risky, requires significant investment and is often resisted within firms [8]. 
Innovation is often categorised according to whether it involves the development of a new 
product- by a new or established technique- or the introduction of new processes for producing 
an established product [9]. While many people associate innovation with major technological or 
organisational advances, the vast majority of successful innovations result from a stream of 
small incremental changes which may individually have only limited effects on consumer 
behaviour [10]. 
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2.1 Innovation in the built environment  
Innovations in the built environment are often a complex blend of government, business, and 
market and consumer decisions. The main rationale for innovation in the built environment is 
economic benefits related to cost reduction and quality improvements. Other rationales include 
tackling environmental and structural problems and achieving public policy objectives. The 
rationale for government support of innovation in the housing industry focuses on the social and 
economic importance of housing. It acknowledges the value of innovation and the social 
benefits to be obtained from improved industry performance and the need for government 
funding in order to offset the industry’s characteristic under-investment in innovation activities. 
As evident from the results in Case Study One, government support can be crucial for 
innovative projects to sustain their investment in a competitive housing market. Consumers also 
rely on the government for protection against failures in the system. Given the problems facing 
building innovations (risk, invisibility, uncertainty, cost of failure and correction, ‘trialability’, 
and difficulty in establishing relative advantage in the short term) consumers probably expect 
government and building officials to be conservative in their acceptance of innovations. 
Reducing risk may be as important to homebuyers as cost savings. If so, time-honoured 
technologies and processes will not be abandoned without ample evidence that their 
replacements will perform as expected. This socio-cultural fear of change and risk is deep 
rooted, difficult to change and forms a major barrier in bringing innovation to the housing 
sector. Information sharing and responsive communications can contribute in combating these 
fears. 
Innovative processes can be easily adopted in new construction and the complex problem lies 
with the existing built environment. The UK has a fairly mature building stock which must be 
taken into account if a significant change in environmental performance is to be achieved. New 
buildings only add between 1-5 % of the total building stock each year [11]. Intelligent 
application of advanced ‘smart’ facade technology in conjunction with innovative 
environmental systems can result in significant energy savings and – at the same time – 
improvement of indoor comfort. Case Study examples from Research Project 2 illustrate that 
very little innovative environment technologies are implemented in the refurbishment of the 
existing housing stock. While initiatives such as ‘Decent Homes Programme’ [12] is intended to 
improve the environmental performance of dwellings, they sometimes achieve the opposite 
results, as housing authorities treat these schemes as vehicles for obtaining more funding rather 
than achieving sustainable dwellings. Research shows that when there are opportunities to 
employ new and innovative technologies in refurbishment, housing authorities implement basic 
or out-of-date technology to update their stock due to tight budgets and fear of risk [13]. 
There is a need for more government investment and research, alongside commitment from 
industry to provide a driving force for a future renewable technology markets. This would lead 
to augmented markets which in turn increase the demand and the supply in mass production, 
bringing the costs down. In Photovoltaic technology, ‘Britain is losing out to countries that have 
created a large market, by introducing market stimulation measures and low manufacture costs’ 
[14]. The lack of market demand is one of the major factors preventing the growth of PV, and 
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subsequent employment, in the UK on a larger scale [15]. Many countries including Germany, 
Japan, the Netherlands, Norway and the USA have initiated programmes of government 
investment, in collaboration with industry, which have lead to thousands of solar electric homes 
being built around the world. These increased markets offset the high costs, which has led to 
employment opportunities in the PV field, as well as associated professions. Germany has 
established themselves as world leaders through extensive research, development and 
technological developments [16]. UK does not currently have a suitably large market to display 
its expertise in PV technology or the financial incentives to develop this market further. 
3. Lessons from two research projects 
3.1 Monitoring an innovation programme to examine Egan 
compliance in social housing in UK- (2001-2004) 
Project one monitored a consortium of Register Social Landlords (RSLs) established to provide 
innovative high quality housing designed and procured in line with the principles set out in the 
Egan Agenda (1998). A strategic partnering arrangement was set up with a single contractor 
who developed an award winning modern pre-fabricated timber frame housing system. It was an 
opportunity to monitor and record the performance of 28 housing development projects and the 
roles played by a complex team network. As the RSLs agreed to procure 2000 new house units 
over a four year period (2001-2005), the research project exploited the opportunity to study a 
major innovation programme and identify what key lessons could be learnt. The main aim of the 
research was to set, monitor and compare the Key Performance Indicators (KPIs) and map the 
cause and effect relationships within the change programme. The selected contractor was the 
subject of several takeover bids by rivals and experienced a number of problems with both, the 
supply of the timber frame housing system and site personnel, which compromised the quality 
of construction and resulted in a high turnover of site-based operatives. This, together with other 
problems (outlined below) meant that the volume of demand initially forecasted never 
materialised. The details of the research methodology, data and analysis are beyond the realm of 
this paper and are published [20]. A brief summary is presented here. 
The research methodology was based on case study monitoring and action research and a range 
of questionnaire surveys, detailed interviews with key project personnel, examination of site 
meeting notes and general feedback reviews were undertaken to identify good and bad practices 
associated with each project.  
Key Lessons learnt from the initiative: 
• All parties needed to be fully committed to the innovation programme; 
• The level of demand required to sustain the contractor’s performance should be ensured 
and risk management processes needed to be in place prior to commencing the project;  
• Innovative procurement processes require a change in mindset at all levels within the 
organisations. Effective mechanisms should be put in place to ensure that everyone 
understands the joint goals and know their part in the overall process;  
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• Training was identified as an essential ingredient in this process. The lack of familiarity 
with the innovative approach illustrated the need for formal training for all project 
managers, prior to commencement of new projects. There was also the need for support 
systems in terms of knowledge and information to be in place for frontline staff; 
• Communication and co-ordination, which lead to continuous improvement of services 
and products, emerged as some of the key drivers of the process; and 
• Even though the government encourages initiatives, such as that monitored in the 
research study, there is little flexibility in support systems to assist in sustaining them. 
A major drawback of the project was that, a continuous improvement process which would feed 
information from the site and different stakeholders who were involved with the project, was 
never implemented. The innovative timber frame system needed more research and 
development input to reduce the defects and the associated costs. 
3.2 Stakeholder consultation for Sustainable Urban Environments 
Project (SUE_IDCOP, 2004-2007) 
The SUE-IDCOP programme is responsible for providing the fundamental knowledge to 
underpin the improved sustainability of existing buildings. The overarching aim is to find ways 
to improve the performance of existing building envelopes which reduce the consumption of 
non-renewable resources over the whole building life-cycle in a way that is economically viable 
and socially acceptable. There are many innovative environment technologies that are readily 
available in the market. Case study examples here in UK and extensively throughout Europe 
show that these technologies can be used effectively and economically in new build housing. In 
UK, there is very little evidence of their use in routine maintenance and refurbishment. The 
current data on refurbishment illustrate that very basic building technology, sometimes 
unsustainable, is used to upgrade the dwellings. As part of the ongoing research, a number of 
stakeholder consultations were undertaken. Here, results from a pilot study done with 6 major 
housing associations to identify barriers in promoting innovative environment technologies in 
refurbishment are presented. 
The aim was to identify and review the barriers that stakeholders face in promoting innovative 
environment technologies in social housing refurbishment. The consultation was carried out in 
relation to three sectors in the procurement of social housing; management, development and 
the maintenance sectors. It was considered under the following criteria: Energy peformance, 
Water performance, Waste management, Durability and Flexibility (Whole life performance), 
Health and well-being of tenants (Quality of life issues). 
The results illustrated that: 
• Value for money is a major governing factor and the benefits should outweigh the costs 
incurred. The RSLs work on a tight budget and unless it is proven that the benefits 
outweigh the capital cost, none of the new technologies are considered for 
implementation. The capital costs of most of these technologies are significantly higher 
than the available budgets and the potential cost savings in utility bills. The tangible 
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benefits of employing renewable technologies are usually long-term and do not result in 
quick savings. 
• The technology should be proven and fully demonstrated. 
• There are quite a lot of products and systems in the market but very little information 
about their long-term performance, durability and ways in which they can directly 
reduce cost. More information about whole life performance and cost savings is needed 
and should be made available to the RSLs. 
• Confidence levels in the new products are low due to high costs in demonstration 
projects and occupants and organisations are reluctant to take the risks. 
All the above factors illustrate that there is a demand for more information, effective 
communication and research and development. Informing and educating tenants and 
organisations about the long term benefits and whole life cost value seem crucial in 
implementing innovative technologies. Research and development is essential to bring the cost 
down and increase market potential. 
4. Factors that affect innovation  
Factors that affect the implementation of innovative technologies define the context in which 
the industry operates. ‘Three sets of factors that affect innovation and are controllable constitute 
elements to develop strategies to foster more innovation in housing. They are referred to as 
innovation accelerators, innovation barriers and contingent factors (factors which can foster or 
impede innovation, depending on how they are managed or implemented)’ [19)]. The first major 
reason for innovation is economic benefit which can be reflected in increased profit, increased 
market share and business growth. Another reason for innovation is remedying problems which 
results in better performance and related economic benefits. A third reason is to achieve public 
policy objectives, such as energy conservation. The public policy rationale for energy 
conservation may well be environmental preservation; the private sector rationale may be 
reducing operating costs of homes or businesses and making profits by marketing improved 
products. The housing consortium monitored in research project 1, was set up to achieve a 
‘better performance at an affordable cost using factory production techniques’ as was advocated 
in the Egan agenda (20)  
Organisations and their structure have a major influence in the innovation process. Visionaries 
who have corporate influence can drive innovation and influence the market growth, but will 
need support from other organisations in stabilising the process and creating the demand that is 
needed to establish the market. Project 1 was set up solely by a visionary who wanted to achieve 
real change in the social housing sector. But as the lessons from this experience show, the 
organisational structure and the support which was needed to facilitate such an initiative was not 
present. The commitment of all parties, a changed mindset at all levels and better 
communications between all levels were crucial requirements to make the initiative a success.  
The construction industry has a serious shortage of skilled labour and a skilled workforce is 
critical to an organisation’s ability to innovate. Training and education are essential in the 
development of a skilled workforce. In Project 1, the contractor experienced many problems due 
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to his inability to retain skilled workers. The lack of demand for the houses (mainly due to rival 
takeovers) slowed down the factory production and affected the retention of staff, which in turn 
affected the quality of the product. Poor quality products resulted in losing the trust and 
confidence of the consortium members and reduced the demand that was originally envisaged 
[4]. 
Risk is one of the main barriers to innovation. Innovators face many types of risk, including 
performance failure, market rejection, delayed or non-approval by regulatory authorities, 
rejection by trades/labour and liability. All of these risks have an associated potential financial 
loss, and the trend is towards increasing risk, particularly risk of liability. Results from the 
stakeholder consultations showed that many housing organisations are reluctant to implement 
innovative technologies due to fear of taking risks, and consider implementing only basic 
technology in their refurbishment programmes. 
Financing innovation has always been a key problem. Small and medium companies find it hard 
to invest in research and development and hence break into new markets due to financial 
constraints. Research Project 1 shows that, in some instances, there are considerable upfront 
capital costs, but increased consumer demand and a greater market share will contribute to 
recover these costs. In Project 2, the housing associations were reluctant to spend the initial 
capital cost required, without having guarantees that they will be recovered within a limited 
time. Developers are also wary of implementing new technologies because of fears about 
consumer preferences. Consumer demand affects the supply and market investors and stock 
market analysts become concerned about investment in new techniques or products which may 
be regarded as risky. Project 1 showed that without sufficient demand, a new initiative cannot 
sustain itself. Lack of consumer demand, coupled with the inflexibility of building regulations 
and regulation administrators, are commonly regarded as detrimental factors for innovation. 
The construction industry is heavily regulated by national and local regulations governing land 
use and planning, infrastructure and buildings. Literature reviews, experiences from the industry 
and research, indicate that regulations are a major barrier for innovation. In particular, factors 
such as lack of mandate to accommodate or foster innovation at the local level, and lack of 
empathy by local building officials to accommodate innovations, are detrimental to the process. 
It is the availability of incentives that promote innovation. These incentives could be of various 
forms, such as tax or VAT refunds, and targeted funding and support. Some incentives, such as 
compensation to offset costs of training trades on how to incorporate innovations may also be 
useful [4]. 
5. Accelerating innovation 
5.1 Educating all stakeholders 
Professional expertise and skills play a crucial role in supporting the Governments agenda to 
combat climate change and promote sustainable development. The requirements of the EU 
Energy Performance of Buildings Directive (EUPD) creates a large demand for; professionals 
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who had specialist training in energy performances and sustainable construction techniques 
including the installation and maintenance of renewable energy alternatives, professionals who 
are aware and trained in new legislative practices and higher standards. With the establishment 
of the ‘The Higher Education Partnership for Sustainability’ [21] the government explores some 
of the key elements of good practice in integrating sustainability issues into the provision of all 
courses in the higher education sector. Based on existing good practice, it provides useful tools 
to help course designers identify and prioritise sustainability elements in any existing or new 
courses. The South East England Development Agency (SEEDA) is also working 
collaboratively with the region's businesses and universities to promote knowledge transfer, 
innovation and training. The lessons learnt from project one emphasized the need for training 
and information sharing in facilitating innovation process. New communication technologies 
can assist in co-ordinating this information. 
The social systems surrounding construction, especially housing production, resist change. This 
could be due to inflexible mindsets, socio-cultural values, or simply fear of change or taking 
risks. In order to achieve the full benefit of innovative technology, the user has to be familiar 
with its use. Educating the occupier is crucial to overcome these setbacks. Research carried out 
by Sustainable Homes (2003) showed that, given the right information and control, tenants are 
happy to implement new environment technologies in their dwellings. Savings in utility bills 
can be a major incentive in this process. 
5.2 The role of professional institutions 
Employment patterns and the role of professional institutions play an important part both in 
retarding the development and uptake of new ideas. They often see themselves as guardians of 
‘the discipline’, and resist radical change [5]. In the construction sector, many employees, 
especially engineers, architects and planners etc. are members of professional associations, who 
usually have their own publications which inform the members about new debates, methods of 
practice, new technologies, regulations and government policies. They also can play a key role 
in developing Continuing Professional Development (CPD) courses and activities which keep 
their members up to date with new developments of technology, research and knowledge. The 
traditional role of construction professionals as ‘knowledgeable experts’ may require 
augmenting with additional interdisciplinary skills to enable participation in teams of specialists 
[22]. The practice of ‘Expert advisers’ providing discipline-based knowledge at certain times is 
being challenged by new ways of organizing processes in which systems integrators and 
‘knowledgeable team players’ are required. 
5.3 The role of research funding organizations 
The main funders of academic research aim to create new knowledge; educate and train people; 
and promote public trust, confidence and understanding of science and technology. But little is 
done about how this research could be put into practice and stimulate industry to maximise the 
benefits. The objective of the UK’s EPSRC, which is the main funder of construction related 
academic research, is to generate new knowledge that helps to improve and underpin industrial 
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competitiveness and the quality of life, in collaboration with research users of all types which 
include design, engineering and construction organizations, client and user organizations, 
professional and trade associations, and government and nongovernmental agencies.  
5.4 Dissemination of research 
Dissemination is a key factor in benefiting from any research and development activity. 
Construction academics may not have the skills or resources to carry out the dissemination, 
technology transfer and delivery of results once research has been completed. This in turn 
influences the expectations of funders and industrialists and the capability to absorb and 
implement new ideas within the industry. In order to obtain the maximum benefit of research a 
complex feedback and learning processes has to take place through development and 
implementation. According to Gann ‘the steps taken between research and impact are not 
usually sequential in nature, particularly in construction. Moreover, the experience of 
collaborative research projects indicates that interactive and iterative processes involving 
researchers and practitioners can produce valuable and implementable results before research is 
completed. Nevertheless, some research projects may not result in benefit for many years, 
whereas others may never result in measurable success – such is the nature of research’ [5]. 
Publications can play an important role in knowledge formation and diffusion but may not be 
the best mode in certain types of construction research. CPD courses, workshops, conferences 
and seminars also facilitate the dissemination process. Currently there are many construction 
industry related forums that promote the sharing of knowledge and information with the 
patronage of the government or as independent bodies. 
5.5 The government’s role  
Governments can enhance or slow innovation processes. Despite governments advocating 
innovation, there is little support to sustain the growth of innovation. Advocates for adoption of 
building innovations have to change building codes to enable builders and consumers to adopt 
any favored innovation. Government incentives in terms of tax benefits and funding can 
facilitate the innovation process. Clear government targets and patronage can make the 
construction sector embrace innovative strategies into practice. New innovative procurement 
methods and contractual reforms have to be introduced to achieve the targets set. Initiatives 
such as Partnering (PPC 2000), Private Public Partnerships (PPP) and Private Finance Initiatives 
(PFI) contractual agreements were introduced as a result of Latham [23] and Egan [17] reviews. 
Current policy in the UK identifies the experienced client as the main institutional leader in 
stimulating construction innovation, yet doubts remain regarding a clients’ ability to play this 
role. Nam and Tatum [24] show that a client needs to be technically competent in order to 
understand innovative proposals from systems integrators, and hence take the risk of innovating. 
The analysis of complex systems industries also suggests that more attention needs to be given 
to the two other elements of the innovation superstructure: the regulatory environment on the 
one hand, and the professional bodies, research establishments and universities on the other. ‘It 
is the way in which the professional institutions carried out their brokering role that sometimes 
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slowed the innovation process, and it was this brokering that provided the basis for the new 
regulations’ [25]. 
The UK Government is committed to expanding its supporting programme for renewable 
energy technologies including research, development, demonstration and dissemination. The 
main hurdle preventing large-scale manufactures of photovoltaic panels in the UK is the current 
market, or lack of it. The understanding and potential of photovoltaic technology is improving, 
but further research and development is required to achieve cost reductions. It is important that 
strong partnerships are established between industry and government. Increasing environmental 
concerns and the need to achieve emission reduction targets should help the technology to 
become further established as a marketable and economically viable product [15]. 
5.6 Organisational capability to innovate 
Cohen and Levinthal [26] argue that industrial research and development (R&D) not only 
generate new information but also improve the ability of firms to absorb knowledge developed 
outside the firm. The type of staff employed provides an indication of a firm’s capability to 
develop, manage and utilize new technical knowledge. Other issues are equally important such 
as; organizational structure and culture, the nature of internal and external communications, 
coordination and feedback mechanisms, the ability to codify knowledge and the type and use of 
information and communications technologies [27]. 
Companies associated with fast-moving science and technology sectors usually invest more 
intensively in R&D than most construction organizations. By other industries’ standards 
investment by government and construction firms in R&D is very low, particularly in the UK; 
this is not the case in some other countries such as France, Japan or Scandinavia [5]. It follows, 
from Cohen and Levinthal’s argument, that lack of internal R&D capability in construction 
indicates that many firms are unlikely to have the capability to absorb the results of academic 
research, or work published in journal articles. Technological progress across the sector is 
therefore likely to be slow. When faced with the prospects of technological change, the majority 
of construction firms are recipients of innovation first exploited in other sectors, or by a few 
construction market leaders. Even when a firm has the technical competence to absorb new 
ideas, it may not have the internal structure, systems and cultural attributes necessary to 
capitalize on research results. 
6. Conclusions 
Awareness of climate change and adaptations of buildings form a key role in the current 
environmental agenda. Promotion of renewable energy and innovative environment 
technologies are essential to meet the targets set by the government. Government support 
mechanisms in terms of resources, incentives, providing opportunities and access for local and 
international markets, training and information sharing mechanisms all can foster innovation. 
The drivers of innovation are economic benefits, performance improvements, environmental 
upgrading, research, development and information and knowledge transfer techniques and 
268
access to markets. While the implementation of innovative technologies can be accelerated with 
the right government-lead incentives like subsidies, tax benefits, availability of resources and 
information; the removal of barriers will be equally if not more effective: less strict regulations 
or reduced financial risk. Risk is one of the main barriers to innovation. Organisations can 
control risk by researching innovative technologies to reduce the number of unknowns about 
them, establishing quality control measures to reduce product deficiencies and training staff to 
increase their competencies. 
The accelerators of innovation are education, research, development and information and 
knowledge transfer techniques. Educating all stakeholders, including the occupants of the built 
environments, are essential in this process. There is a significant role for the universities and 
professional institutions to play, acting as repositories of knowledge and as an essential part of 
the knowledge production system. Together with research organisations they need to allow for 
diversity and allow for sources of new ideas, disciplines and forms of knowledge. 
Government has a key part to play as a sponsor of higher education, academic research and as a 
facilitator in bringing academic research and industrial practitioner communities together in 
collaborative research projects. In the current context, interactions between academic 
researchers and industrial practitioners appear to be increasing. New models of collaborative 
research have emerged partly sponsored by the public sector and promoted by professional 
institutions. Management of research, correct mode of dissemination and implementation are 
important components in the process of absorbing research results into practice. Continuous 
improvement processes are important in feeding back knowledge from one project to the next. 
Technology transfer could take place through closer interactions between researchers and 
practitioners using new technology. Firms need professionally qualified personnel who work in 
technically challenging and specialist areas to absorb and act upon the results of academic 
research in the UK. They also need the internal technical support infrastructure which assists in 
learning between projects and which can improve their internal business processes by 
developing feedback and learning mechanisms. Current development in technology provide new 
opportunities in providing virtual environments in which mistakes can be made and rectified 
before implementation takes place on real projects. They could also provide new environments 
for learning and training. Communications in terms of intranets, internet, hotlines, and 
knowledge sharing databases all facilitate this process and support the dissemination of good 
practices and feedback on implementation of new ideas. 
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